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Effect of ingredient particle sizes and dietary viscosity on 
digestion and faecal waste of striped catfish (Pangasianodon 
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an	 easier	 and	more	 complete	 removal	 of	 the	 faecal	 pellet	 from	 the	
water.	Earlier	studies	on	digestibility	of	 ingredients	 in	striped	catfish	
(Da,	 Lundh,	 &	 Lindberg,	 2012;	 Hien,	 Phuong,	 Le	 TU,	 &	 Glencross,	
2010)	 focused	on	nutrient	uptake	and	not	on	 faecal	waste	aspects.	
Studies	in	trout	(Brinker,	2007,	2009;	Brinker,	Koppe,	&	Rösch,	2005)	
and	 Nile	 tilapia	 (Amirkolaie,	 El-	Shafai,	 Eding,	 Schrama,	 &	 Verreth,	
2005;	Amirkolaie,	Verreth,	&	Schrama,	2006;	Schneider	et	al.,	2004)	
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example	 have	 been	 used	 to	 improve	 the	 removal	 efficiency	 of	 fae-
ces	(Sinha,	Kumar,	Makkar,	De	Boeck,	&	Becker,	2011).	Brinker	et	al.	
(2005)	found	that	the	inclusion	of	GG	increased	the	stability	of	faeces	
in	 trout.	However,	 in	Nile	 tilapia,	GG	 leads	 to	an	opposite	effect	as	
it	decreased	the	faecal	recovery	efficiency	(Amirkolaie,	Leenhouwers,	
Verreth,	 &	 Schrama,	 2005).	 It	 has	 also	 been	 shown	 that	 the	 (neg-
ative)	 impacts	 of	 GG	 are	 dose	 dependent,	 for	 example,	 on	 growth	
(Janphirom,	 Chaiprasert,	 Thongthieng,	 Suwannathep,	 &	 Songkasiri,	
2010);	 digestibility	 (Refstie,	 Svihus,	 Shearer,	 &	 Storebakken,	 1999;	
















ibility,	 fish	 performance,	 intestinal	 dry	matter	 (DM)	 content	 and	 on	
viscosity,	 type	of	 faeces	 (recovered	and	non-	recovered)	and	particle	
sizes	of	faeces	produced	by	striped	catfish.
2  | MATERIALS AND METHODS
2.1 | Experimental diets
The	experiment	lasted	52	days	and	was	conducted	in	a	2	×	3	factorial	























storage	 in	a	 freezer	until	 feeding.	The	particle	size	distribution	of	 the	





2.2 | Experimental system and animals
























vitamin	 B6	 1,500	mg;	 vitamin	 B2	 1,000	mg;	 vitamin	 K3	 700	mg;	 Biotin	
10	mg;	vitamin	B12	2	mg;	ZnO:	5,000–5,500	mg;	MnO	3,000–3,300	mg;	
FeSO4·H2O	2,000–2,200	mg	and	other	elements	such	as	vitamin	B1;	acid	
folic;	 CuSO4·5H2O;	 Ca(IO3)2·H2O;	 Na2SeO3; CoCO3;	 extractant	 from	
Saccharomyces cerevisiae;	 mould	 inhibitor	 Propionic	 acid;	 antioxidants	
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were	a	mixed	sex	population.	The	juveniles	were	randomly	distributed	
into	18	plastic	digestibility	tanks	(Allan,	Rowland,	Parkinson,	Stone,	&	
Jantrarotai,	1999)	of	170	L;	 each	 tank	contained	20	 fish.	The	 tanks	
were	filled	for	80%	with	water	and	were	aerated	with	one	air	stone	







































tion	 of	 benzocaine	 (1	g)	 in	 3	ml	 of	 acetone	 then	 diluted	with	 fresh	
Dietary component
Diet
Fine (0.8 mm) Coarse (1.0 mm)
GG0 GG3 GG6 GG0 GG3 GG6
Dry	matter	(g/kg) 882 883 884 889 892 890
Crude	protein	(g/kg) 318 314 312 313 306 304
Crude	fat	(g/kg) 57 62 61 65 62 57
Carbohydrate	(g/kg) 511 509 510 511 511 526
Crude	ash	(g/kg) 115 116 117 112 114 114
Chromium	oxide	(g/kg) 7.5 8.9 9.3 8.1 8.1 8.5




























































content	 in	 the	 sample	was	 calculated	by	 the	 equation	100	–	(crude	
protein	+	crude	ash	+	crude	fat).	The	gross	energy	was	directly	ana-
lysed	by	a	bomb	calorimetry	meter	 (Parr	C6100,	USA).	The	chromic	
oxide	 content	 was	measured	 by	 a	 spectrophotometer	 at	 the	 wave	
length	350	nm	after	digestion	of	the	samples	by	nitric	acid	and	then	
oxidation	with	per-	chloric	acid	(Furukawa	&	Tsukahara,	1966).
2.5 | Calculations and statistical analysis
The	apparent	digestibility	coefficient	of	nutrient	(Nutrient.ADC),	such	









weighing	 and	 counting	 the	 total	 number	 of	 fish	 in	 each	 tank.	Daily	







amount	 of	 Chromic	 oxide	 in	 excreted	 faeces	 and	 the	 total	 amount	
of	 Chromic	 oxide	 in	 the	 consumed	 feed	 (Amirkolaie,	 Leenhouwers,	




feed	 in	DM	multiplied	 by	 the	 chromium	oxide	 concentration	 in	 the	
feed.
Particle	 size	 of	 faecal	 waste	 determines	 the	 potential	 of	 sus-
pended	 solid	 formation	 and	 also	 the	 degree	 of	 nutrient	 leaching	






being	 submerged	 in	 water.	 The	 daily	 collected	 faecal	 waste	 with	
water	 on	 top	 in	 the	 collecting	 containers	was	 gently	 poured	onto	
a	2-	mm	mesh	sieve	while	being	already	submerged	in	water.	After	
sieving,	both	fractions	were	dried	and	weighed.	The	percentages	of	











Kolmogorov–Smirnov	 test	 and	 for	 homogeneity	 of	 variances	 using	
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The	 GG	 levels	 significantly	 affected	 faecal	 recovery	 (Figure	3a),	








4.1 | Feed digestibility, fish performance and amount 
of faecal waste
Replacement	 of	 CMC	 by	 GG	 in	 the	 basal	 diet	 increased	 the	 die-
tary	viscosity	(Figure	2).	The	results	show	that	ADC	of	nutrients	in	


































(g/kg) Dry matter (%) Crude protein (%) Crude fat (%) Carbohydrate (%) Crude ash (%) Gross energy (%)
Fine	(0.8	mm) 0 77.7	±	1.3 91.8	±	0.1 95.2	±	1.4 74.5	±	2.8 47.8	±	0.4 84.0	±	1.1
3 74.8	±	0.7 90.2	±	1.3 95.0	±	0.5 71.5	±	0.9 40.0	±	2.6 81.7	±	0.4
6 75.1	±	0.6 90.6	±	0.9 94.6	±	0.1 72.0	±	1.3 40.4	±	1.8 81.3	±	0.4
Coarse 
(1.0	mm)
0 79.1	±	0.8 92.6	±	0.5 96.8	±	0.6 75.8	±	1.9 49.6	±	1.9 85.6	±	0.7
3 75.7	±	0.6 90.0	±	0.5 94.8	±	1.7 73.4	±	1.1 40.4	±	1.2 81.8	±	1.0
6 76.2	±	1.9 89.5	±	1.7 95.3	±	0.3 76.0	±	2.6 34.8	±	1.5 81.8	±	1.6
p	Values	of	the	factors
Grinding	screen	sizes .049 .783 .131 .020 .183 .143
Guar gum levels .001 .004 .127 .087 <.001 <.001
Interaction .925 .307 .308 .474 .005 .363










(g kg−1) Viscosity (cP)










Guar gum levels <.001 .123
Interaction .914 .403




























































































































Initial mean weight 
(g per fish)
Final mean weight (g 
per fish)
Daily weight gain (g 
per fish per day)
Feed conver-
sion ratio Survival rate (%)
Fine	(0.8	mm) 0 82	±	0.1 131	±	11.4 0.95	±	0.22 1.80	±	0.26 97	±	2.9
3 82	±	0.2 127	±	10.0 0.87	±	0.19 1.99	±	0.49 98	±	2.9
6 82	±	0.2 127	±	5.8 0.87	±	0.11 2.07	±	0.29 97	±	5.8
Coarse 
(1.0	mm)
0 82	±	0.1 128	±	9.9 0.89	±	0.19 1.80	±	0.35 100	±	0.0
3 82	±	0.2 123	±	10.2 0.80	±	0.19 2.18	±	0.47 97	±	5.8
6 82	±	0.1 118	±	10.2 0.70	±	0.20 2.18	±	0.32 98	±	2.9
p	Values	of	the	factors
Grinding	screen	sizes .583 .100 .097 .069 .463
Guar gum levels .820 .118 .128 .110 .977
Interaction .956 .027 .027 .001 .541
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to	reduce	already	at	20	g/kg	GG	in	the	diet,	while	fish	final	weight	
and	 feed	 efficiency	 was	 decreased	 at	 100	g/kg	 GG	 in	 the	 diet.	
Negative	effects	of	GG	on	performance	were	also	found	in	African	
catfish	 (Leenhouwers	 et	al.,	 2006)	 and	 in	 Nile	 tilapia	 (Amirkolaie,	
Leenhouwers,	et	al.,	2005).
Comparison	 of	 literature	 shows	 that	 the	 effects	 of	 dietary	 GG	
levels	on	digestibility	and	performance	differ	among	fish	species.	Just	
0.1	g	of	GG/kg	diet,	 for	 instance,	 already	 caused	 a	 lower	 growth	 in	
snakehead	(Janphirom	et	al.,	2010).	On	the	other	hand,	African	catfish	
did	not	show	any	difference	in	performance	when	GG	was	added	up	
to	 80	g	GG/kg	 diet	 (Leenhouwers	 et	al.,	 2008).	 In	 the	 case	 of	 rain-
bow	trout,	 small	 fish	 (e.g.,	43	g	of	body	weight)	were	more	severely	







and	 basal	 diet	 composition.	 For	 example,	 the	 current	 study	 demon-
strated	that	the	impact	of	dietary	GG	inclusion	of	on	dietary	viscosity	
dependents	on	grinding	procedure.	In	a	coarsely	grinded	mixture,	the	
increase	 in	viscosity	was	 larger	with	 inclusion	 level	of	GG	compared	










especially	 in	warm	water	 fish	 species;	 and	anatomical/morphological	
difference	of	the	gastrointestinal	tract	(e.g.,	stomachless	fish).	This	topic	
deserves	more	research	on	understanding	the	species	differences.
Guar	 gum,	 a	 soluble	NSP,	 is	 hardly	 digested	 by	 aquatic	 species.	
In	 general,	 NSP	 is	 indigestible	 because	 of	 the	 absence	 of	 intestinal	
enzymes	 for	 degrading	NSPs	 such	 as	 β-	glucanases	 and	 β-	xylanases	
(Kuz’mina,	1996).	This	inability	of	NSP	digestion	often	goes	together	














gestive	 enzymes	 throughout	 the	 substrates.	This	 leads	 to	 increased	
losses	of	nutrients	through	the	faeces.	Third,	viscosity	can	also	alter	
gut	morphology,	 for	example	thicken	the	unstirred	water	 layer	adja-













Regarding	 the	effect	of	 the	grinding	 size	of	 the	 ingredients,	 this	
study	 indicated	 that	 a	 coarse	 grinding	 increased	 the	 ADC	 of	 DM	
and	 carbohydrate.	 However,	 regarding	 FCR	 the	 impact	 of	 grinding	
size	depended	on	the	dietary	viscosity.	At	the	GG0	treatment,	there	
was	no	difference	in	FCR	paralleling	the	equal	measured	dietary	vis-






using	 a	 3.0-	mm	 compared	 to	 a	 2.5-	mm	 screen	mesh	with	 grinding	
(Moreira	et	al.,	2009).	The	ADC	of	crude	protein	increased	when	the	
grinding	screen	size	increased	from	2.0	to	3.0	mm,	but	it	was	reduced	







also	 a	 better	 nutrient	 absorption.	Moreover,	 Callan	 et	al.	 (2007)	 re-
ported	that	fine	diets	improved	feed	efficiency	because	of	a	decrease	
in	feed	wastage.















any	 significant	difference	between	 treatments.	This	 tendency	of	 an	
increased	viscosity	in	the	proximal	intestine	by	dietary	inclusion	of	GG	
was	also	found	 in	 the	research	on	tilapia	 (Amirkolaie,	Leenhouwers,	
et	al.,	2005).
GG	 is	a	galactomannan	which	contains	 linear	chains	of	β–(1→4)	
mannan.	 It	 is	 water-	soluble	 and	 able	 to	 absorb	 water	 (Sinha	 et	al.,	
2011);	 this	may	have	resulted	 in	 the	 increased	water	content	 in	 the	
faeces	 of	 striped	 catfish.	 In	 addition,	 GG	 is	 highly	 viscose	 and	 has	
been	 shown	 to	 increase	 digesta	 viscosity	 in	 the	 proximal	 intestine	
(Amirkolaie,	 Leenhouwers,	 et	al.,	 2005;	 Leenhouwers	 et	al.,	 2006).	
However,	in	the	current	study,	despite	the	reduced	DM	content	of	the	
digesta	 in	 the	distal	 intestine	of	striped	catfish,	no	effect	on	viscos-
ity	was	found.	The	absence	of	a	difference	in	viscosity	in	the	current	
study	might	be	due	to	stimulation	of	fermentation	with	increasing	GG	
levels.	The	 fermentation	of	 carbohydrates	occurs	which	 is	 indicated	
by	increased	levels	of	volatile	fatty	acids	in	the	distal	part	of	the	intes-
tine	in	broiler	(van	der	Klis,	Van	Voorst,	et	al.,	1993)	or	in	fish	like	Nile	





Before	 starting	 the	 experiment,	 it	was	 expected	 that	 increasing	
















Increasing	 dietary	 viscosity	 by	 inclusion	 of	GG	 had	 no	 positive	 im-
pact	on	faecal	waste	management	in	striped	catfish	culture,	because	
it	negatively	 affected	nutrient	digestibility	 and	also	 reduced	 the	 re-
moval	 efficiency	of	 faeces	 from	 the	water	by	 settling.	 Faecal	 pellet	
stability	was	not	enhanced	with	increasing	dietary	viscosity	indicated	
by	the	absence	of	 impacts	on	faecal	viscosity	and	faecal	pellet	size.	
Grinding	 the	 ingredients	 on	different	 screen	 size	 had	no	 impact	 on	
the	characteristics	of	the	egested	faeces.	However,	due	to	impacts	on	 
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